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Abstract. Low Luminosity Active Galactic Nuclei (LLAGNs) are contami-
nated by the light of their host galaxies, thus they cannot be detected by the
usual colour techniques. For this reason their evolution in cosmic time is poorly
known. Variability is a property shared by virtually all active galactic nuclei,
and it was adopted as a criterion to select them using multi epoch surveys. Here
we report on two variability surveys in different sky areas, the Selected Area 57
and the Chandra Deep Field South.
1. Introduction
The knowledge of the luminosity function of Active Galactic Nuclei (AGNs)
is based on the construction of statistically significant samples, selected via
different techniques derived by the AGN properties, such as non-stellar colour,
broad emission lines, or variability. The comparison between samples selected
using different techniques enables to evaluate the relevant selection effects and
to derive the intrinsic cosmological evolution of the AGN population. Colour-
selection is limited to point-like objects, i.e. bright active nuclei outshining the
host galaxy, which would otherwise produce non-stellar colours. The COMBO-
17 survey (Wolf et al. 2003) provided a “low resolution spectrum” enabling to
drop the “point-like” condition, for selecting AGNs on the basis of their Spectral
Energy Distribution (SED) alone. Even in this case, however, the selection is
limited to nuclei brighter than LB ' 1044 erg s−1, since otherwise the SED is
dominated by the host galaxy light, which prevents the nuclear spectrum from
being recognised. X-ray surveys, although efficient in detecting standard AGNs,
can miss relatively X-ray weak objects. These could amount to ∼ 2% of the
quasars at the level X/O=0.1 (Gibson et al. 2008), while LLAGNs, intrinsically
weak in both optical and X-ray bands, can be hardly detected and/or recognized,
also due to dilution by host galaxies. Indeed, it is often difficult to discriminate
among different types of low luminosity sources, which include Seyfert galaxies,
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low ionization narrow emission regions (LINERs), star forming galaxies, and
normal galaxies. Also for these reasons the luminosity function of LLAGNs
is still poorly known. On the other hand, variability was adopted as a tool for
selecting AGNs in many studies (e.g. van den Berg et al. 1973; Trevese et al. 1989;
Cristiani et al. 1990; Ve´ron & Hawkins 1995; Geha et al. 2003). An important
aspect of variability as an AGN search technique is that it can be applied to
extended objects. These include LLAGNs that cannot be detected by the colour
selection since their SED is contaminated by the light of the host galaxy. In
this case, variability selection becomes easier since nuclear variability tends to
increase as nuclear luminosity decreases (e.g. Trevese et al. 1994). Variability-
selection was first applied to extended objects by Bershady et al. (1998) in the
SA 57 (see Section 2).
2. Selected Area 57
(a) (b)
Figure 1. (a) Field of the SA57 with the positions of the variability-selected
AGN candidates, marked by squares, and of the X-ray sources, marked by
crosses. (b) F -band optical luminosity vs 2-10 keV X-ray luminosity for the
sources in SA57. Circles: broad-line AGNs; diamonds: narrow emission-line
galaxies; triangles: normal galaxies.
The Selected Area 57 is a well studied area in the optical since the ’70s with
a number of search techniques, including non-stellar colour, absence of proper
motion and variability (Koo et al. 1986; Koo & Kron 1988; Trevese et al. 1989,
1994; Bershady et al. 1998). A field of ∼ 35 arcmin in diameter has been re-
peatedly observed since 1975 in the U , BJ , F , N bands. A sample of ”variable
galaxies”, i.e. variable objects with extended images, was created from the same
plates of SA 57 (Bershady et al. 1998). A field of ∼ 0.2 deg2 in the SA 57 was
observed for 67 ks with XMM-Newton (Trevese et al 2007). A catalogue of 140
X-ray sources was created and 98 of them were identified by cross-correlating
the X-ray sample with the photometric catalogue of 8146 objects by the Kitt
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Peak National Observatory (Kron 1980; Koo 1986). The X-ray catalogue in-
cludes 9 sources previously selected on the basis of their variability, while 21
other variability-selected sources are not detected in X-rays. Follow-up spec-
troscopy was performed at 4.2m William Herschel Telescope and 3.5m Telescopio
Nazionale Galileo at La Palma (Trevese et al. 2008a). Figure 1a shows the opti-
cal field with the positions of the variability-selected and X-ray-selected sources.
Figure 1b compares F -band optical luminosities and 2-10 keV X-ray luminosi-
ties for variability- and/or X-ray-selected sources which have a spectroscopic
redshift. Broad-line AGNs are represented as circles, while diamonds and tri-
angles indicate narrow emission-line galaxies and normal galaxies, respectively.
AGNs are usually found above X-ray/optical ratio X/O=0.1, but a few of them
are also found at lower X/O values. Deeper spectroscopy is needed to populate
this diagram at fainter fluxes, possibly finding more X-ray weak sources.
3. Chandra Deep Field South
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Figure 2. The AXAF field of the STRESS survey, with the positions of the
variability-selected AGN candidates, marked by circles. The borders of the
overlapping fields of the EIS, COMBO-17, ECDFS, CDFS, GOODS surveys
are also shown.
Variable AGN candidates can be selected in synergic analyses of surveys de-
voted to the search of supernovae. The Southern inTermediate Redshift ESO
Supernova Search (STRESS) (Botticella et al. 2008) includes 21 fields (16 with
multi-band information), each ∼ 0.3 deg2, monitored for about 2 years with the
ESO/MPI 2.2m telescope. The AXAF field of the STRESS project was chosen
to search for AGN candidates though variability(Trevese et al. 2008b). The field
is centred at α=03:32:23.7, δ=-27:55:52 (J2000) and overlaps with the Chandra
Deep Field South (CDFS) (Giacconi et al. 2002) and other well known surveys,
such as the COMBO-17 survey (Wolf et al. 2003), the ESO Imaging Survey
(EIS) (Arnouts et al. 2001), the Extended-CDFS survey (ECDFS) (Lehmer et
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al. 2005), the GOODS survey (Giavalisco et al. 2004). The images obtained
by the STRESS survey in the V band at 8 epochs were analyzed, producing a
catalogue of 7267 objects observed at least at 5 epochs. A r.m.s. variability
measure σ was computed for each object, selecting as variable those objects
having σ greater than a given threshold. Details of the procedure, as well as
the catalogue of the 132 variable objects, are reported in Trevese et al. (2008b).
The STRESS/AXAF field is shown in Figure 2, with the positions of the 132
variability-selected objects, and with the borders of the overlapping fields from
other surveys. Follow-up spectroscopy was then performed with the ESO/NTT
at La Silla for objects brighter than V ∼ 21.3 (Boutsia et al. 2009). Figure 3a
shows the R-band optical luminosities and the 2-8 keV X-ray luminosities for the
sources having a spectroscopic redshift. Figure 3b shows the relation between
the r.m.s. variability σ and the 2-8 keV X-ray luminosity for the same sources.
Variable objects are represented as circles (broad-line AGNs), diamonds (nar-
row emission-line galaxies), and squares (normal galaxies); small dots represent
non-variable objects. Concerning low-luminosity sources (narrow emission-line
galaxies and normal galaxies), it is possible to separate two groups: one with
higher X/O ratio and variability (indicated in the figure by continuous con-
tours), and another with lower X/O ratio and variability (indicated by dashed
contours). Objects of the first group have also U −B and B−V colours consis-
tent with normal quasars, while the colours of the second group are dominated
by the host galaxies (Boutsia et al. 2009). All the properties of the objects be-
longing to the second group are consistent with LLAGNs diluted by host galaxy
light.
(a) (b)
Figure 3. (a) R-band optical luminosity vs 2-8 keV X-ray luminosity for
the sources with spectroscopic redshift. (b) r.m.s. variability σ vs 2-8 keV
X-ray luminosity for the same sources. Circles, diamonds, and squares repre-
sent variability-selected broad-line AGNs, narrow emission-line galaxies, and
normal galaxies, respectively; small dots represent non-variable objects. Con-
tinuous and dashed contours indicate the groups of low-luminosity objects
discussed in the text.
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4. Conclusions
- LLAGNs are important to understand the evolution of the AGN luminosity
function at faint end;
- variability is an efficient and reliable method to detect LLAGNs lost by
colour techniques and by X-ray surveys;
- it is crucial to discriminate among the different classes of low luminosity
objects;
- SA 57 is the first field where extended variable objects have been selected;
- deeper spectroscopy of faint (B < 23) extended variable candidates is
needed;
- synergy in variability searches (SNe, AGNs) can provide statistical samples
of low luminosity AGNs;
- 132 variability-selected AGN candidates were found in the STRESS/AXAF
field;
- some variable objects (7/132) with low X/O ratio appear consistent with
LLAGNs diluted by the host galaxy light.
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